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The new class of HSLA steels, now known as dual-phase (DP) steels, combines high strength and good.formability, which are superior to those of comparable commercialHSLA steels. The current interest in DP steels has been largely concentrated, on the superior tensile properties, which find important applications for weight reduction and fuel savings in automobile industries.
Consequently, the major emphasis on the dual phase microstructure -property relations has been placed specifically on the stress-strain behavior, while the other important mechanical properties, e.g. impact energy, have not been well characterized. The purpose of this paper is, therefore, to identify and characterize those microstructural elements which have a significant influence on the impact properties of DP alloys.
EXPERIMENTAL
The compositions of the alloys used in this investigation are listed in Table I . The alloys were melted: in a vacuum induction •furnace, homogenized, and furnace-cooled. The heat treatment to produce controlled DP structures consists of autenitizing and quenching to lOO martensite, followed by annealing in the (a+y) range and su•bsequent quenching to room temperature. The volume fraction of martensite was controlled by choosing appropriate temperatures in the two phase range, and was determined by quantitative optical metallography. Experimental details of heat treating conditions are described elsewhere(3,4). The specific heat treatment and alloy compositions were chosen so as to control the morphology of the dual phase microstructural constituents, which is strongly influenced by the substitutional solute, as will be shown later.
The standard and 3/4 subsize Charpy V-notch specimens(5) were used for Page 2 the Charpy tests. The impact tests were conducted on a Universal Impact Machine with a 120 ft-lb capacity. Low temperature tests were performed following the ASTN 23-72 specifications (5) . The data reported represent an average of at least three tests.
PESULTS
Marked differences are developed in the morphology of the DP structures depending on the amount and type of alloying elment X present in the Fe/X/0.lC ternary system(6,7). These are illustrated in the optical micrographs, 
As the volume fraction decreases it is expected:
The connectivity of martensite will decrease, thus resulting in better impact properties.
Concurrently, toughness of the martensite will decrease due to increased carbon enrichment, thereby decreasing impact properties since the carbon level has a drastic effect on reducing notched impact energy and DBTT(3).
Therefore, for a given morphology of DFN structure, the observed effect of volume fraction on the impact properties will be determined by the balance between the two opposing factors.
For the 0.5 Cr DP structure tested up to room temperature, the energy curve with higher volume fraction (902.1 Ms, 0.07wt.%C in the martensite) exhibited better impact energy, and showed an apparentDBTT, while no DBTT was present in the onewith the lower vOlume fraction (35% Ms, 0.17wt.%C in the martensite). This result may be due to the fact that the toughness factor has an overwhelming influence on the notched impact toughness compared to the connectivity factors, since in both cases the martensite phase was interconnected along the prior austenite grain boundaries (Fig. 1) .
In contrast, the 2% Si DP structure yielded essentially identical energy curves for two different volume fractions of martensite, as is seen from Fig. 4 .
• This indicates that toughness and connectivity factors counterbalanced each other to result in no variations in the curves. The individual martensite particles are still separated and surrounded by the ferrite matrix at 60% tnartensite, maintaining the same fibrous morphology as that of 30% martensite, thereby resulting in identical energy curves for the two volume fractions.
On the other hand, the martensite particles in the 0.5% Si DP steel revealed a hig.h degree of connectivity at all volume fractions of martensite (20%).
The impaét energy curves thus show similar behavior.to those of 0.5% Cr DP steels, Fig. 4 . .. . .
Silicon is known as a very detrimental alloying element in lowering impact toughness properties in carbon steels. Nevertheless, the impact • pràperties of 2% Si DP steel are as good as those of 0.. 5% Si DP steel at 35% martensite volume fraction. This indicates that the connectivity of martensite constituents at a given volume fraction is an important factor in controlling impact properties, as can also be seen from Fig. 5 . In general, it appears from the present study that the toughness or carbon content in the martensite is thesingle most important pararueter in determining impact toughness, as has also been substantiated by Young(9) . It is therefore essential to limit the initial carbon content in the alloys to less than 0.1 wt. % for optimum impact toughness and tensile properties(4). The influence of the prior austenite grain size and interparticle spacing on the impact properties of FIGURE CAPTIONS Fig. 1 Optical micrograph of DP structure developed in ailo' 1 (Fe/0.5Cr/0.06C). Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable. 
